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Description 

This invention relates to a method of manufac- 
turing turbomachinery blades. 

Certain kinds of gas turbine engine employ 
titanium alloy blades and discs in the compressor 
stage of the engine. The tip of each blade is 
designed to run in close proximity to a casing or an 
ablative lining on the casing. During certain aspects 
of engine operation, contact is possible and in 
some cases inevitable between the tip of the 
blades and the casing or its lining. In extreme 
conditions incidents of this type could result in the 
presence of titanium or titanium alloy dust being 
emitted from the titanium alloy blade tip. Such 
titanium alloy dust emitted from the tip of a blade 
in a compressor could in theory result in ignition of 
titanium dust and the ignition and propagation of 
fire in the titanium blades themselves. 

It has been proposed in EP-A-0151103 to man- 
ufacture an article for transmitting forces, especially 
torques, via one or more teeth, cams, receptors or 
the like, constructed of at least two different materi- 
als. 

In this disclosure, a tubular cylinder of one 
metallic material may surround an inner core of 
another metallic material, to which the material of 
the first outer tubular cylinder is bonded. Discs 
may then be cut from the resulting product to be 
used as blanks for cogs or the like. 

Such a disc with a case of titanium alloy ma- 
terial might be considered for use as an attachment 
by one of its plane faces to a turbomachinery blade 
stem. The blade tip would however then need to be 
machined into its necessary aerodynamic shape, 
thereby removing most of the material of the outer 
circumference which might be made of an alloy 
whose dust was unlikely to be ignited in the en- 
gine. This however would not solve the problem 
mentioned above, since both the very end surface 
of the blade would be a titanium alloy, as would 
significant portions of the blade tip adjacent the 
very end. The risk of producing titanium dust by 
contact with the oblative alloys of the engine casing 
would thereby remain. 

It is an object of the present invention to pro- 
vide a method of manufacturing a turbomachinery 
blade which overcomes the disadvantages of such 
an arrangement. 

According to one aspect of the invention a 
method of manufacturing an article comprising the 
steps of creating a composite component having a 
surface layer of material different from the body of 
the component by bonding said surface layer to 
said body, and parting said component at a plural- 
ity of locations to provide sections, characterised in 
that the article is a turbomachinery blade and the 
composite component has a plane surface layer, 


said parting taking place such that the sections 
extend perpendicular to said plane, and in that 
each parted section is subsequently attached to a 
blade stem by welding only the body portion of 

5 said section to said blade stem to form said blade. 

The body of the component is typically a 
titanium alloy. The metal component section manu- 
factured in accordance with the invention may sub- 
sequently be attached to the blade stem by weld- 

w ing the body of the component to the blade stem. 
The blade stem would be of a similar titanium alloy 
as that of the component body. Typically, the stem 
would be in its fully heat-treated condition. The 
attachment could be carried out for example by 

75 electron-beam welding or friction welding, and the 
complete blade would then need to be finish 
ground or machined to exact shape. The surface 
layer may be bonded to the titanium alloy or other 
metal by explosive bonding, diffusion bonding or 

20 friction welding or other bonding technique, all of 
which techniques are known per se, and which if 
applied in appropriately controlled conditions avoid 
the formation of significant quantities of intermetal- 
lic compounds beyond the boundary with the 

25 titanium alloy or other metal. Alternatively, the 
bonding may be carried out by mechanical working 
of the component eg by extrusion or rolling so as 
to extend the component in a direction parallel to 
the plane of the surface layer of material. Once 

30 again the working conditions, in particular the ex- 
tent of heating up of the component, would need to 
be controlled to prevent the formation of large 
quantities of intermetallic compounds within the 
body of the titanium alloy or other metal. 

35 There may be an interlayer present between 
the surface layer and the body of the component. 
Such interlayer will be selected such that it tends 
to resist diffusion of intermetallics from the surface 
layer of material into the body of the titanium alloy 

40 or other metal. 

Either or both facing surfaces of the surface 
layer material and the body may be grooved or 
similarly machined prior to bonding. If both sur- 
faces are grooved it is preferable that the grooves 

45 on one surface substantially intermesh with the 
grooves on the opposite surface. The interlayer is 
then placed between the grooved portions and 
bonding forces the interlayer to adopt a corrugated 
configuration. 

50 Where the body is a titanium alloy, the surface 
layer of material is typically nickel or a nickel alloy 
or one or more of the following elements or their 
alloys; chromium, cobalt, copper, iron, hafnium, 
molybdenum, niobium or tantalum. 

55 Where the body is a titanium alloy the inter- 
layer is typically hafnium, molybdenum, niobium or 
tantalum or a compound of one or more of these 
materials with other elements. The interlayer may 
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comprise a plurality of layers of such materials eg 
there might be a tantalum alloy layer adjacent the 
titanium alloy and an iron alloy layer adjacent a 
nickel alloy tip. 

The titanium alloy, the interlayer (if present) 
and the layer of material may initially be assem- 
bled within an external tube or sleeve. Such sleeve 
may comprise titanium or a titanium alloy or it 
could comprise copper with a steel interlayer be- 
tween the copper tube or sleeve and its contents. 
Such outer tube or sleeve would typically be re- 
moved by etching or some similar process prior to 
the forging or the electro-chemical machining of 
the parted sections. 

It should be stressed that the assembly and 
mechanical working of the composite material must 
avoid the possibility of any substantial diffusion 
from the layer of material into the titanium or 
titanium alloy, either during heating or heat treat- 
ment of the composite material during its process- 
ing, or during subsequent service of the component 
section. The thickness and composition of the in- 
termetallic layer is designed with this consideration 
in mind. 

The titanium alloy may typically be an alloy 
such as IMI 829 or IMI 834 or titanium 6242 which 
is in itself designed for application in the high 
pressure and therefore high temperature region of 
the compressor. 

Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to 
the accompanying drawings in which: 

FIGURE 1 is a schematic side elevation of a 
component part way through the 
process of manufacture, 
FIGURE 2 is a schematic isometric view il- 
lustrating an alternative compo- 
nent part way through the process 
of manufacture, 
FIGURE 3 is a schematic isometric view of a 
gas turbine blade made according 
to the invention, and 
FIGURE 4 is a schematic view shoving one 
method of bonding a surface lay- 
er to the body of a component. 
In Figure 1, a body 10 of titanium alloy has a 
surface layer 11 of nickel alloy bonded to it by 
explosive welding techniques. The composite is 
parted by known means along lines 12 to provide a 
plurality of similar semi-finished components or 
component sections. No interlayer is illustrated in 
Figure 1, but this is an alternative feature of the 
process, and would be positioned between surface 
layer 1 1 and the body 10. 

Figure 2 illustrates part of the process for the 
manufacture of a tip section of a blade and the 
component 22 shown in dashed line is suitable to 
be subsequently welded onto the stem of such a 


blade. A single section 24, parted as shown in 
Figure 1, comprises a surface layer 21 of nickel 
alloy bonded to a body 20 of titanium alloy. 

The finished turbine blade shown in Figure 3 

5 has a stem portion 30 of titanium alloy to which a 
tip section component 31 has been attached by 
electron-beam welding along weld line 32. The tip 
section component 31 results from the finish ma- 
chining or grinding of a component such as 22 

10 from Figure 2. The very tip of the blade is com- 
posed of nickel alloy as distinct from the remainder 
of the blade which is of titanium alloy. 

A specific bonding technique between a sur- 
face layer 41 and a body 40 is shown in Figure 4. 

75 In this example both facing surfaces 43 and 44 of 
the respective surface layer 41 and the body 40 
are grooved such that they would interlock. Inter- 
posed between 43 and 44 is an interlayer 42, which 
when 40 and 41 are forced together eg by diffusion 

20 bonding, takes up a corrugated aspect between the 
surface layer 41 and body 40. Another alternative, 
not illustrated, is to use a pre-corrugated interlayer, 
in which case only one of the facing surfaces may 
be grooved. 

25 In a further alternative using explosive bonding, 

the corrugation of the facing surfaces is produced 
as part of the interface reaction. Such bonding can 
be carried out with or without an interlayer. 

30 Claims 

1. A method of manufacturing an article compris- 
ing the steps of creating a composite compo- 
nent having a surface layer (11; 21) of material 

35 different from the body (10; 20) of the compo- 

nent by bonding said surface layer to said 
body, and parting said component at a plurality 
of locations (12) to provide sections (24), 
characterised in that the article is a tur- 

40 bomachinery blade and the composite compo- 

nent has a plane surface layer, said parting 
taking place such that the sections (24) extend 
perpendicular to said plane, and in that each 
parted section is subsequently attached to a 

45 blade stem (30) by welding only the body 

portion (20) of said section (21) to said blade 
stem (30) to form said blade. 

2. A method as claimed in Claim 1 characterised 
50 in that said section (24) is machined or ground 

to its finish form (31) and subsequently at- 
tached to said blade stem (30). 

3. A method as claimed in Claim 1 or 2 charac- 
55 terised in that the component section has a 

body portion of titanium alloy, said body being 
subsequently attached to a blade stem (30) of 
titanium alloy. 
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4. A method as claimed in Claim 3 characterised 
in that the component section is attached to a 
titanium alloy stem (30) in its fully heat treated 
condition. 

5. A method as claimed in Claim 1 or 2 charac- 
terised in that the surface layer (11; 21) is 
bonded to the body (10; 20) of the component 
by explosive bonding. 

6. A method as claimed in Claim 1 or 2 charac- 
terised in that there is an interlayer (42) 
present between the surface layer (41) and the 
body (42) of the component, such interlayer 
being such as to tend to resist the diffusion of 
intermetallics from the surface layer of material 
into the body of the component. 

7. A method as claimed in Claim 6 characterised 
in that at least one facing surface of the sur- 
face layer (41) or the body (43) is grooved (43, 
44) prior to bonding in such a manner that the 
grooves on one surface are adapted to sub- 
stantially intermesh with the grooves on the 
opposite surface, the interlayer (42) adopting a 
corrugated configuration in the bonded com- 
posite. 

8. A method as claimed in Claim 1 or 2 charac- 
terised in that the body of the composite is a 
titanium alloy and the surface layer of material 
is selected from a group comprising one of the 
following metals or metal alloys; nickel, chro- 
mium, cobalt, copper, iron, hafnium, molyb- 


hat, das sich vom Korper (10; 20) des Bauteils 
unterscheidet, indem die Oberflachenschicht 
mit dem Korper verbunden wird; 
dem Teilen des Bauteils an einer Vielzahl von 
Stellen (12), urn Abschnitte (24) zu schaffen, 
dadurch gekennzelchnet, daB der Gegen- 
stand eine Turbomaschinenschaufel ist und 
das Verbundbauteil eine plane Oberflachen- 


schicht hat, daB das Teilen so stattfindet, daB 
sich die Abschnitte (24) senkrecht zu der Fla- 
che erstrecken, und da8 jeder eingeteilte Ab- 
schnitt nachfolgend durch VerschweiBen nur 
5 des Korpers (20) des Abschnitts (21) mit dem 

Schaufelstiel (30) an dem Schaufelstiel (30) 
befestigt wird, urn die Schaufel zu formen. 

2. Verfahren gemaB Anspruch 1, dadurchge- 
w kennzeichnet, daB der Abschnitt (24) zu sei- 

ner endgultigen Gestalt (31) spanend bearbei- 
tet oder geschliffen wird und nachfolgend an 
dem Schaufelstiel (30) befestigt wird. 

75 3. Verfahren gemaB Anspruch 1 oder 2, dadurch 
gekennzelchnet, daB der Bauteilabschnitt ei- 
nen Korperabschnitt aus einer Titanlegierung 
hat und der Korper nachfolgend an einem 
Schaufelstiel (30) aus einer Titanlegierung be- 

20 festigt wird. 

4. Verfahren gemaB Anspruch 3, dadurch ge- 
kennzelchnet, daB der Bauteilabschnitt an ei- 
nem Stiel (30) aus einer Titanlegierung in sei- 

25 nem vollstandig verguteten Zustand befestigt 

wird. 

5. Verfahren gemaB den Anspruchen 1 oder 2, 
dadurch gekennzelchnet, daB die Flachen- 

30 schicht (11; 21) mit dem Korper (10; 20) des 

Bauteils durch Explosionsbonden verbunden 
wird. 

6. Verfahren gemaB den Anspruchen 1 oder 2, 
dadurch gekennzelchnet, daB es eine Zwi- 
schenschicht (42) gibt, die sich zwischen der 
Flachenschicht (41) und dem Korper (42) des 
Bauteils befindet, wobei eine solche Zwischen- 
schicht dazu neigt, der Diffusion von Interme- 
tallen aus der Flachenschicht des Materials in 
den Korper des Bauteils zu widerstehen. 

7. Verfahren gemaB Anspruch 6, dadurch ge- 
kennzelchnet, daB wenigstens eine der sich 
gegenUberliegenden FlSchen der Flachen- 
schicht (41) oder des Korpers (43) vor dem 
Verbinden in einer solchen Weise mit Furchen 
versehen (43, 44) wird, daB die Furchen auf 
einer Flache dazu angepaBt sind, im wesentli- 
chen mit den Furchen auf der gegenUberlie- 
genden Flache in Eingriff zu sein, wobei die 
Zwischenschicht (42) eine gewellte Lage in 
dem verbundenen Verbund annimmt. 

55 8. Verfahren gemSB Anspruch 1 oder 2, dadurch 
gekennzelchnet, daB der Korper des Verbun- 
des eine Titanlegierung ist und die Flachen- 
schicht des Materials aus einer Gruppe ausge- 


denum, niobium, tantalum or titanium. 35 

9. A method as claimed in Claim 6 characterised 
in that the body of the composite is made of a 
titanium alloy and the interlayer is selected 
from a group comprising the following materi- 40 
als or a compound of one of these materials 
with other elements; hafnium, molybdenum, 
niobium or tantalum. 

PatentansprUche 45 

1. Verfahren zur Herstellung eines Gegenstandes 
das folgende Schritte aufweist: 
Schaffen eines Verbundbauteils, das eine 
Oberflachenschicht (11; 21) aus einem Material so 
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wahlt wird, die eine der folgenden Metalle oder 
Metallegierungen aufweist; Nickel, Chrom, Ko- 
balt, Kupfer, Eisen, Hafnium, Molybdan, Niob, 
Tantal, oder Titan. 

9. Verfahren gemaB Anspruch 6, dadurch ge- 
kennzelchnet, dafl der Korper des Verbundes 
aus einer Titanlegierung besteht und die Zwi- 
schenschicht aus einer Gruppe ausgewahlt 
wird, die folgende Materialien oder eine Ver- 
bindung aus einem dieser Materialien mit an- 
deren Elementen aufweist; Hafnium, Molybdan, 
Niob oder Tantal. 

Revendlcations 

1. Proc6d£ de fabrication d'un article, compre- 
nant les etapes qui consistent & crSer une 
piece composite ayant une couche superficiel- 
le (11 ; 21) en une matiere difterente de celle 
du corps (10 ; 20) de la pi&ce en liant ladite 
couche superficielle audit corps, et a diviser 
ladite pi&ce en plusieurs emplacements (12) 
pour produire des sections (24), caracterisS en 
ce que Particle est une aube de turbomachine 
et la piece composite comporte une couche 
superficielle plane, ladite division ayant lieu de 
maniere que les sections (24) s'etendent per- 
pendiculairement audit plan, et en ce que cha- 
que section divisee est ensuite fixee a une tige 
(30) d'aube en soudant uniquement la partie 
de corps (20) de ladite section (21) a ladite 
tige (30) d'aube pour former ladite aube. 

2. Proc6d6 selon la revendication 1, caract6ris6 
en ce que ladite section (24) est usinee ou 
meu!6e k sa forme finie (31) et ensuite fixSe & 
ladite tige d'aube (30). 

3. Proc6d6 selon la revendication 1 ou 2, caractS- 
ris§ en ce que la section de pifcce comporte 
une partie de corps en alliage de titane, ledit 
corps £tant ensuite fixe h une tige (30) d'aube 
en alliage de titane. 

4. Procdd6 selon la revendication 3, caracterisS 
en ce que la section de piece est fix£e & une 
tige (30) en alliage de titane dans son Stat 
entierement traitS par voie thermique. 

5. ProcSdS selon la revendication 1 ou 2, caract§- 
ris6 en ce que la couche superficielle (11 ; 21) 
est \\6e au corps (10 ; 20) de la pifcce par 
liaison par explosion. 

6. ProcSdS selon la revendication 1 ou 2, caractS- 
risS en ce qu'il y a une couche intermSdiaire 
(42) prgsente entre la couche superficielle (41) 


et le corps (40) de la piece, cette couche 
intermediate 6tant telle qu'elle tend k r^sister 
k la diffusion de composes intermdtalliques 
depuis la matiere de la couche superficielle 
5 dans le corps de la piece. 

7. Proc£dg selon la revendication 6, caract6ris6 
en ce qu'au moins Tune des surfaces en vis-a- 
vis de la couche superficielle (41) et du corps 

70 (40) est rainurSe (43, 44) avant la liaison de 

manfere que les rainures sur une surface 
soient adapt€es h s'imbriquer sensiblement 
avec les rainures sur la surface opposee, la 
couche intermediate (42) adoptant une confi- 

75 guration ondul£e dans la pi&ce composite li£e. 

8. Proc6d6 selon la revendication 1 ou 2, caracte- 
r\s6 en ce que le corps de la pfece composite 
est un alliage de titane et la mature de la 

20 couche superficielle est choisie dans un grou- 

pe comprenant I'un des m£taux ou alliages 
m&alliques suivants : nickel, chrome, cobalt, 
cuivre, fer, hafnium, molybd&ne, niobium, tan- 
tale ou titane. 

25 

9. Procede selon la revendication 6, caracterise 
en ce que le corps de la pfece composite est 
forme d'un alliage de titane et la couche inter- 
mediate est choisie dans un groupe compre- 

30 nant les matieres suivantes ou un compost de 

I'une de ces matieres avec d'autres elements : 
hafnium, molybdene, niobium ou tantale. 
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